What are the relative roles of imitation, improvisation and invention in the development of large song repertoires in species of the songbird family Mimidae? This question was addressed in a laboratory study of the vocal development of young grey catbirds, Dumetella carolinensis, collected from western Massachusetts. Two groups heard a repeated 10-s, tape-tutored segment of catbird song, two other groups heard a repeated 16-min segment and a fifth group heard no tape-tutored songs. One male selected for study from each group developed a large repertoire of seemingly normal songs, and wild males responded strongly to songs of the male that had heard no tape-tutored song. Relying little on precise imitation and largely on improvising or inventing, each male developed a highly unique repertoire. A geographical survey of catbird song revealed little to no evidence of song sharing or microgeographical variation, which is consistent with the idea that imitation plays a relatively minor role in song development.
Songbirds are renowned for their ability to imitate songs (e.g. Slater 1989; Catchpole & Slater 1995; Todt & Hultsch 1996) . This learning is evident not only from song dialects in nature (e.g. Chilton & Lein 1996; Payne 1996) but also from developmental studies in the laboratory, where young birds imitate songs from taped or live sources or develop abnormal songs if deprived of normal models (Kroodsma & Baylis 1982; Baptista 1996) . Individual marsh wrens, Cistothorus palustris, for example, rely almost exclusively on imitation, and repertoires of hand-reared males in the laboratory are determined largely by the number of different song types to which a male is exposed (Brenowitz et al. 1995) . Although a diversity of developmental styles occurs among songbirds (Kroodsma 1988; West & King 1996) , the need for some form of learning or imitation, using auditory feedback, seems ubiquitous among the songbirds (e.g. Kroodsma & Konishi 1991).
Although many songbirds develop large song repertoires through precise imitation (e.g. the European nightingale, Luscinia megarhynchos; Todt & Hultsch 1996), birds can also 'improvise' (i.e. modify tutor songs) or 'invent' sounds (Marler & Peters 1982; King & West 1989) . The relative roles of imitation, improvisation and invention most likely vary in some adaptive way among species, but insufficient data are currently available to detect any pattern. In this context, we became intrigued by the large repertoires of songbirds in the family Mimidae, which includes the mockingbirds, thrashers and catbirds. Northern mockingbirds, Mimus polyglottos, unmistakably imitate the sounds of other species (Wildenthal 1965; Derrickson & Breitwisch 1992) , but improvisation or invention also seems to play a major developmental role (J. J. Hatch, unpublished data). Brown thrashers, Toxostoma rufum, and grey catbirds, Dumetella carolinensis, imitate other species less frequently (Borror 1964), but how they acquire their large repertoires, which can number into the thousands of songs for the brown thrasher (Boughey & Thompson 1976; Kroodsma & Parker 1977) , is unknown.
We chose to study this question with the grey catbird. Nestlings were collected from nature and
